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METHOD OF PRODUCING PNEUMATIC TIRES 

BACKGROUND OF THE INVENTION 
1* Field of the Invention 
5 [0001] The present invention relates to a method of producing pneumatic 
tire having improved lateral rigidity and steering stability performance, 
2. Description of Related Art 

[0002] It is known that tire generates a cornering force to counteract a 
centrifugal force acting on a vehicle upon cornering behavior thereof, and a 

10 poor cornering force relative to the centrifugal force tends to cause lateral 
slips of the tire, resulting not only in failure to passing a curved road at high 
speed, but also in spinning of the vehicle, as the case may be. 
[0003] In order to increase the cornering force and thereby improve the 
steering stability performance of tires, it is desirable to improve the lateral 

15 rigidity of tires. Topically, the lateral rigidity of tires is improved (i) by 
increasing the modulus or volume of the bead filler rubber having a 
substantially triangular cross-section that extends from the bead core to the 
end of the tread portion, (ii) by increasing the end count of cords of the 
reinforcing card layer or so-called "insert ply", that is arranged along the 

20 bead filler rubber in the region ranging from the bead portion to the side wall 
portion, and/or (iii) by increasing the number of sheets of insert plies. 
However, these measures are not always effective solutions from practical 
viewpoints, 

[0004] Thus, for example, it is often difficult to extrude bead filler 
25 rubbers with increased modulus, thereby causing limitations in terms of 
production technology* Also, in terms of tire performances, the increased 
modulus of the bead filler rubbers make it difficult to realize a satisfactory 
damping performance of the tire, thereby deteriorating the riding comfort 
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performance, or reducing the cornering force at a slip angle that exceeds the 
maximum cornering force. The reduced cornering force may result in a 
sudden change of the limiting behavior characteristics of a vehicle upon 
cornering, or in spinning of the vehicle. Furthermore, an increased volume 
5 of the bead filler rubber brings about not only an increase in weight of the 
tire, but also elevation of the temperature at the bead portion during driving, 
thereby deteriorating toe durability of the bead portion against heat 
generation. 

[OOOS] Moreover, even an increased end count of the cords in the insert 

10 ply and/or an increased number of insert plies are still insufficient for 
satisfactorily achieving the desired steering stability performance since, 
when a lateral bending force acts on a tire that is affected by a slip angle, the 
insert ply on the compression side does not contribute to improve the rigidity, 
unlike the insert ply on the pulling side. 

15 [00061 In order to improve the lateral rigidity of tires from another 
viewpoint, there has been proposed a rubber insert layer in which short 
fibers are embedded. Such proposal is disclosed* e.g., in JP-A-6- 192479, 
JP-A-7-18121, JP-A-8-108713, JP-A-10-315717, etc. It has been 
confirmed that the rubber insert layers with short fibers embedded therein 

20 serves to improve the lateral rigidity of tiies satisfactorily, without the 
above-mentioned drawbacks of the prior art However, the provision of 
such rubber insert layers requires an additional time for the molding 
operation besides that the molding operation itself is complicated, thereby 
deteriorating the productivity. 

25 SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention to eliminate these 
problems and provide a method for producing tires, that can be carried out 
with simplified operations and under a high productivity, while realizing the 
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required lateral rigidity and steering stability performance of the tire. 
[0008] To this end, according to the present invention, there is provided a 
method of producing a pneumatic tire comprising a pair of bead portions* a 
pair of side wall portions extending from the respective bead portions, a 
5 tread portion between the side wall portions, a radial carcass ply toroidally 
extending between the bead portions for reinforcing the side wall portions 
and the tread portion, reinforcing layers arranged in side surface areas of the 
tire extending from the bead portions to the side wall portions, respectively; 
and an inner liner rubber, wherein the method comprises the steps of: 

10 - forming said reinforcing layer as an annular laminated body, by 

spirally winding and laminating a ribbon of an unvulcanized rubber having a 
thin gauge and embedding short fibers therein; and 

- applying the annular laminated body at a position corresponding to 
the a side surface area of the tire, between an outer rubber and the inner liner 

3 5 rubber, upon formation of a green tire for the tire to be produced. 

[0009] The above-mentioned method of the present invention can be 
carried out carried out with simplified operations and under a high 
productivity, without the problems of the prior art Moreover, the tire 
produced by the method of the present invention includes, on each side 

20 surface area* an annular laminated body made of a ribbon embedding short 
fibers that are arranged with a desired orientation. Thus, when the short 
fibers in the annular laminated body are oriented in the circumferential 
direction of the tire, it is readily possible to realize a highly improved lateral 
rigidity and an excellent steering stability performance without deteriorating 

25 the riding comfort 

[0010] The annular laminated body may be applied along, and adhered to 
at least one side of the carcass ply. Additionally, the annular laminated 
body may be applied along, and adhered to at least one side of a bead filler 
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rubber. Alternatively, the annular laminated body may be applied to form 
at least a part of the bead filler rubber* 

[OOU] The annular laminated body may be preformed by supplying the 
ribbon from an extruder to a rotating carrier, so that the preformed annular 

5 laminated body is applied along, and adhered to the carcass ply and/or a side 
surface of a bead filler rubber. The performing of the annular laminated 
body is advantageously preformed during the period in which a green tire is 
being vulcanized, in order to minimize the loss time, 
[0012] Alternatively, annular laminated body may be formed, in situ. 

10 In this instance, the ribbon may be supplied from an extruder onto a rotating 
carrier on which the green tire is formed 5 and laminated and applied along, 
and adhered to the carcass ply and/or a side surface of a bead filler rubber; 
thereby forming the annular laminated body* 

[0013] Advantageously, the ribbon is applied so that said short fibers are 
15 oriented in the circumferential direction of the tire. In this instance, the 

ribbon is preferably extruded from a positive displacement type extruder. 

[0014] Alternatively, however, the ribbon may be applied so that said 

short fibers are randomly oriented in the reinforcing layer of the tire. 

In this instance, the ribbon may be extruded from a screw type extruder, 
20 BRIEF DESCRIPTION OF DRAWINGS 

[0015] The present invention will be described hereinafter with reference 

to some preferred embodiments shown in the accompanying drawings, in 

which: 

FIG. 1 is a sectional view showing a tire produced by the method 
25 according to the present invention; 

FIG. 2 is a sectional view showing a green tire corresponding to 
the product tire of FIG. 1 ; 

FIG. 3 is a sectional view showing a tire produced by the method 
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according to a modified embodiment of the present invention; 

FIG, 4 i$ a sectional view showing a green tire corresponding to 
the product tire of FIG. 3; 

. HG, 5 is a sectional view showing an annular laminated body that 
5 may be used in accordance with the present invention; 

HGS. 6 to 8 are sectional views of green tires showing various 
arrangements of the annular laminated body; 

FIG. 9 is a perspective view showing one example of positive 
displacement type extruder that may be used for perforating the annular 
io laminated body in the method according to the present invention; 

FIG. 10 is a side view showing another example of positive 
displacement type extruder that may be used for forming the annular 
laminated body, in situ, in the method according to the present invention; 
and 

15 FIG. 1 1 is a side view showing a part of HG. 10 in enlarged scale. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0016} With reference to FIG. 1, there is shown a pneumatic radial tire 
produced by the method according to the present invention, which is 
designated as a whole by reference numeral 1 . The tire 1 includes a pair of 

20 bead portions 2, a pair of side wall portions 3 and a tread portion 4, wherein 
bead cores 5 are embedded in the bead portions 2, respectively. The tire 1 
further includes a radial carcass ply 6 extending toroidally between the bead 
cores 5, belt layers 7 arranged on the outer side of the carcass ply 6, and an 
inner liner rubber 8 arranged on the inneff side of the carcass ply 6. 

25 [0017] In the illustrated embodiment, the bead cores 5 are each 

comprised of an ordinary core about which a turnup portion 6t is formed by 
the carcass ply 6 to extend axially from the inner side to the outer side of the 
tire L The carcass ply 6 is comprised of suitable rubber-coated organic 
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fiber cords, such as nylon cords, polyester cords, rayon cords, etc. The belt 
layers 7 are comprised of at least two crossed layers of rubber-coated steel 
cords. 

[0018] For the tires 1 to be produced by the method according to the 
5 present invention, an alternative arrangement may be adopted wherein the 
bead cores 5 are each comprised of a pair of strip-like core rings that are 
arranged side-by-side so that the carcass 6 is clamped therebetween without 
forming the turnup portion, and/or the carcass ply 6 is comprised of steel 
cords. 

10 [0019] On each side of the tire 1 , a bead filler rubber 9 and a reinforcing 
layer 10 are arranged in the side surface region of the tire that extends from 
the bead portion 2 to the side wall rubber portion 3. The bead filler rubber 
9 has a generally triangular cross section and extends from the outer 
periphery of the bead core 5 toward the end of the tread rubber portion 4. 

15 The reinforcing layers 10 is comprised of an annular laminated body, the 
details of which will be detailed hereinafter. It is noted, however, that the 
reinforcing member 10 in the embodiment of FIG. 1 is applied to the outer 
side of the bead filler 9 and also applied to at least part of the outer side of 
the bead core 5. Incidentally, the side surfaces of the tire 1 are each formed 

20 by a rubber chafer 1 1 around the bead portion 2, a side wall rubbers 12 and a 
portion of a tread rubber 13. 

[0020] A green tire 21 is shown in FIG- 2, and has a shape approximating 
the product tire 1 that is obtained after vulcanization of the green tire 21. 
Thus, the green tire 21 includes a pair of bead portion areas 22, a pair of side 
25 wall portion areas 23 and a tread portion area 24, which correspond to the 
bead portions 2, the side wall portions 3 and the tread portion 4 of the 
product tire 1, respectively. The green tire 21 further includes bead cores 
25 embedded in the bead portion area 22, a radial carcass ply 26 toroidally 
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extending between the bead cores 25* belt layers 27 arranged on the outer 
side of the carcass ply 26, an inner liner rubber 28 arranged on the inner side 
the carcass ply 26, bead filler rubbers 29 each extending from the outer side 
of the bead core 25 toward the end of the tread portion area 24* and a 
5 reinforcing layer 30. The side surfaces of the green tire 21 are each formed 
by a rubber chafer 31 around the bead portion area 24, a side wall rubber 32 
and a portion of a tread rubber 33. It is of coarse that the above-mentioned 
rubber members in the green tire 21 are still in unvulcanized state. 
[0021] A slightly modified pneumatic tire is shown in KG. 3, which is 

10 also produced by the method according to the present invention. The tine 1 
shown in HG. 3 is essentially the same in structure as that of FIG. 1, but 
differs therefrom in that the reinforcing member 10 is applied to the inner 
side of the carcass ply 6 and the bead filler 9. The tire 1 shown in HG. 3 is 
obtained by vulcanizing a green tire 21 that is shown in FIG. 4, 

1 5 [0022] With reference to FIG. 5 showing the cross-section as can be seen 
in a radial plane of the green tire 21, the reinforcing layer 30 in the green tire 
21 is in the form of an annular laminated body that is formed by spirally 
winding and laminating a ribbon 30R of unvulcanized rubber embedding 
short fibers therein. The annular laminated body 30 is applied to the 

20 position of the green tire 21 corresponding to the side surface areas of the 
tire 1, between the outer rubber formed of the rubber chafers 11 and the side 
wall portion 12, on one hand, and the inner liner rubber 8, on the other hand. 
Preferably, the ribbon 30R has a thin gauge within a range of 0.3 mm to 1.2 
mm, and a narrow width within a range of 5 mm to 20 mm. The ribbon 

25 30R can be highly efficiently and precisely extruded from a positive 

displacement type extruder or a screw extruder, which can be operated under 
an automatic control, and the annular laminated body 30 may be either 
preformed or formed, in situ, opon formation of the green tire 21 in a simple 
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manner and with a high productivity. 

[0023] The short fibers of the ribbon 30R may be randomly arranged in 
the ribbon 30R, or oriented in the longitudinal direction of the ribbon 30R. 
In the latter case, in particular, the annular laminated body 30 fonning the 
5 reinforcing layer 10 of the tire 1 at its side surface area effectively improves 
the lateral rigidity of the tire 1 and, hence, the steering stability performance, 
and also makes it possible to readily and precisely control the steering 
stability performance including the ride comfort 
[0024] The unvulcanized rubber of the ribbon 30R includes natural 

10 rubber (NR), polyisoprene rubber (IR), styrene butadiene copolymer rubber 
(SBR), butadiene rubber (BR), butyl rubber (HR), halogenated butyl rubber 
(X-IIR, X: CI, Br), chloroprcne rubber (CR), ethylene-propylene-diene 
rubber (EPDM), etc., either alone or in admixture. 
[0025] As the short fibers, there may be used polyamide fibers such as 

15 nylon fibers, aramid fibers typically known as Kevlar fibers, polyester fibers 
such as polyethylene terephthalate fibers or polyethylene naphthalate fibers, 
organic fibers such as rayon fibers. Alternatively, the short fibers may be 
comprised of wire filaments that are typically used for tire steel cords* 
[002$] The unvulcanized rubber of the ribbon 30R may contain known 

20 chemical binder such as novolak-type modified phenol resin, in the case of 
the above-mentioned organic fibers, and cobalt naphthenate or the like, in 
the case of the above-mentioned wire filaments, and may further contain 
additives generally used in the industry, such as carbon black, sulfur, 
vulcanization accelerator, antioxidant, process oil, zinc white, etc. 

25 [0027] The annular laminated body 30 forming the reinforcing layer of 
the green tire 21 may be arranged along the outer side and/or inner side of 
the major part of the carcass ply 26, which does not include the turnup 
portion 26t. Thus, the annular laminated body 30 of the green tire 21 
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shown in FIG. 2 and FIGS. 6 to 8 is arranged along the cuter side of the 
carcass ply 26, and the annular laminated body 30 of the green tire 21 shown 
in FIG. 4 is arranged on the inner side of the carcass ply 26. Furthermore, 
the annular laminated body 30 of the green tire 21 shown in FIG- 2 is 
5 arranged on the outer side of the turnup portion 26t> and the annular 

laminated body 30 of the green tire 21 shown in FIG. 4 and FIGS, 6 to 8 is 
arranged on the inner side of the turnup portion 26t. 
[0028] Also, the annular laminated body 30 may be arranged along the 
outer side and/or inner side of the bead filler rubber 29* Thus, the annular 

10 laminated body 30 of the green tires 21 shown in FIGS* 2 and 8 is arranged 
along the outer side of the bead filler rubber 29, and the annular laminated 
body 30 of the green tire 21 shown in HGS. 4 and 7 is arranged along the 
inner side of the bead filler rubber 29. Alternatively, (he annular laminated 
bocfy 30 may be applied to form at least part of the bead filler rubber 29, as 

15 shown in FIG. 6. 

[0029] The annular laminated body 30 may be preformed in advance, 
and applied to a desired position during formation of a green tire. 
Alternatively, the annular laminated body 30 may be formed and applied, in 
situ, during formation of a green tire* 

20 [0030] In order to preform the annular laminated body 30, as shown in 
FIG. 9, a positive displacement type extruder 40 is advantageously used in 
combination with a carrier device 41 that includes a rotatable carrier 42 in 
the form of a disk. The ribbon 30R having a thin gauge is continuously 
extruded from an extrusion nozzle 43 of the extruder 40 and supplied onto 

25 the earner 42 under a continuous rotation about a vertical axis in the 
direction of by arrow Rt, to thereby form the annular laminated body 30 
having a required cross-sectional shape as shown in FIG. 5. By way of 
example, the preformed annular laminated body 30 shown in FIG. 9 also 
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foOTS the bead filler rubber 29 of the green tire 21 shown in FIG. 6. Thus* 
during the rotation of the carrier 42, the ribbon 30R is continuously supplied 
and moved radially outwards and thereby successively laminated from the 
outer peripheral surface of the bead core 25 that is fixedly held in place from 
5 the inner side by a radially expansible clamp 44. There may be instance in 
which the ribbon 30R has to be moved back radially inwards in order to 
obtain a required gauge. The laminating operation is continued until the 
predetermined cross-sectional shape of the preformed annular laminated 
body 30 is achieved, 

10 [0031] It is preferred that the positive displacement type extruder 40 can 
be moved back and forth relative to the carrier 42 in two axial directions, 
including a horizontal direction indicated by arrow Y u that is perpendicular 
to the rotating axis of the carrier 42, and a vertical direction indicated by 
arrow Zj, that is parallel to the rotating axis of the carrier 42. The extruder 

15 40 shown in FIG. 9 is provided with a pair of slide bearings 47 which are 
guided by, and slidable along a pair of guide rails 46 on a base 45, a movable 
table 48 to which the slide bearings 47 are secured* and an elevating stand 49 
which is mounted on the movable table 48. The movable table 48 and the 
elevating stand 49 are associated with respective servomotors, not shown, 

20 for controlling the movement of the carrier 42 in the two axial directions Y t 
and Zj . Incidentally, the blended material of unvulcanized rubber and the 
short fibers for die ribbon 30R are supplied to the extruder 40 through a 
hopper 50. 

[0032] The above-mentioned combination of the positive displacement 
25 type extruder 40 and the rotatable carrier 42 can be used advantageously, to 
preform the annular laminated body 30 of the green tire 21 shown in HGS. % 
7 and 8, as well. Use of a positive displacement type extruder 40, such as 
that shown in FIG. 9, is highly suitable when, in particular, it is desired that 
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the short fibers in the ribbon 30 are oriented in the extruding direction and, 
hence, in the circumferential direction of the annular laminated body 30. 
However, it is also possible to use a small sized extruder of a single screw 
type (not shown), when it is desired that the short fibers are relatively 
5 randomly arranged in the ribbon 30, The preforming of the annular 
laminated body 30 is preferably carried out during the period in which the 
green tire is subjected to vulcanization, in order to minimize the loss time. 
[0033] On the other hand, in order to form the annular laminated body 30, 
in situ, as shown in FIGS. 10 and 1 U an extruder 60 is used in combination 

10 with a carrier 61 that is rotatable about a horizontal axis X. The extruder 
60 is installed on a floor surface FL is used for continuously extruding the 
ribbon 30R having a thin gauge, from an extruding die 63 at the tip end 
portion of an extruding head 62. The ribbon 30R extruded from the 
extruder 60 is supplied, via a pair of guide rollers 64, 65, directly to the 

] 5 desired portion of a green tire that is being formed on the earner 61 rotating 
in the direction of arrow R 2 . Thus, the ribbon 30R is laminated to form the 
annular laminated body 30 having the required cross-sectional shape, on the 
green tire which is being formed on the carrier 61 . Incidentally, the 
extruder 60 is supplied with a blended material of unvulcanized rubber and 

20 short fibers, from a peart 66, 

[0034] It is preferred that the extruder 60 is a positive displacement type 
extruder, when the short fibers in the reinforcing layer of the tire are oriented 
in the circumferential direction. In the embodiment shown in FIG. 8, the 
extruder 60 thus includes a gear pump 67 at an extruding tip end portion so 

25 that the blended material is positively displaced from the gear pump 67 and 
supplied to the extruding head 62 via an inner flow passage 68. 
[0035] The guide rollers 64, 65 arranged in pair constitute a roller die D R 
at their opposite surfaces for precisely defining the predetermined cro&s- 
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sectional shape of the ribbon 30R having a thin gauge, without causing a so- 
called die swelling* It is assumed that the distance between the guide 
rollers 64, 65 can be adjusted, if necessary. The roller 64 also serves as a 
pressure roller for adhering the ribbon 30R onto the desired portion of the 
5 green tire being formed on the carrier 61 , under suitable tension and pressure. 
[0036] It is assumed that the extruder 60 can be moved back and forth in 
ihe directions indicated by double arrow in FIG. 10, which is 
perpendicular to the rotating axis of the carrier 61. Thus, the extruder 60 
can be moved toward the carrier 61 during the operation, and away 

J0 therefrom when it is out of operation- The extruder 60 during the operation 
can be moved also in the axial directions, parallel to the rotating axis X of 
the carrier 61 . Advantageously, the operation of the extruder 60 is 
automatically controlled, with the movement of the extruder 60 controlled 
by appropriate servomotors, not shown. 

15 [0037] As described above, the method according to the present 

invention can be carried out carried out with simplified operations and under 
a high productivity, without the problems of the prior art. Moreover, the 
tire 1 produced by the method according to die present invention includes an 
annular laminated body made of a ribbon embedding short fibers that are 

20 arranged with a desired orientation- When, in particular, the short fibers in 
the annular laminated body are oriented in the circumferential direction of 
the tire, it is readily possible to realize a highly improved lateral rigidity and 
an excellent steering stability performance without deteriorating the riding 
comfort. 

25 [0038] While the present invention has been described above with 
reference to certain preferred embodiments, it is of course that various 
changes and/or modifications may be made without departing from the scope 
of the invention as defined by the appended claims. 
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